Abstract: Different regimes of preparations of nano-sized particles of SnO 2 are considered. The films technology ensuring weak dependence of grains size on films calcinations temperature is offered.
Introduction
The physical and gas-sensing behaviors of semiconductor gas sensors are directly depend on their preparation methods and conditions. One of the main objectives for the researches in the field is the obtaining of nanoparticles of possibly smallest dimensions. There are different methods of obtaining such a nanocrystalline samples by hydrolysis of tin chloride, for example, in ammonia aqueous solutions. Using these techniques, SnO 2 particles with sizes beginning from a few nanometers are obtained. However, the size of particles strongly depends on the calcination temperatures [1] [2] [3] [4] , which is needed for complete decomposition of SnO 2 ·nH 2 O (>400 o C) and ensuring of reliable adherence of SnO 2 films to substrate. The particles size increase in many times with rise of annealing temperature, moreover they can join in agglomerates.
Results and Discussion
Our investigations were devoted to development and investigation of corresponding technologies and regimes for obtaining of relatively thermally stable nano-sized SnO 2 particles and thin films on its base. Fig. 1 ). Common demerit all these films is the fact that finally they prepared from suspense consisted of agglomerates of SnO 2 particles. As a result, it is difficult to obtain uniform film without abruptions and cracks by both dipping and spinning. In accordance with second technique, the 1M solution of H 3 PO 4 at continuous mixing was added to Na 2 SnO 3 aqueous solution until neutralization of solution (pH=7) [5] . In this case, absolutely transparent very stable sol was obtained. As distinct from [5] , the solution does not cut even at centrifuge rate 14000 rpm. As a consequence, purification of that sol from phosphates by centrifuging was impossible. The solution was purified by means of electro dialysis in rectangular cell divided on three sections with ion-exchange membranes. Purified solution was filled into middle cell, whereas periodically replenished distilled water was in outermost cells. The process of electrodyalysis was accompanied by continuous stirring. At the result of sharp decrease in the electrolyte concentration during the process of the purification, the most part of SnO 2 precipitated near anode as a transparent gel. Therefore the sol particles are charged negative. Only about 0.1% of SnO 2 remained in the solution. Addition of ammonium to purified sol up to 1% concentration gives rise to the peptization of the sediment. At that, the solution with about 10%-concentration having exceptional steadiness with time (coagulation during fourth month was not observed) are obtained.
Acquired sol in mixture with the same quantity of 2% polyvinyl alcohol spin-on coated onto alumina and other substrates at 4000 rpm. The specimens dried in drying oven at the temperature of 100 o C for 10 min whereupon the following layer deposited. This procedure repeated five times. After that, different samples were exposed to annealing at the various temperatures in the range from 500 to 750 o C. As a result, homogeneous film without cracks with wholly satisfactory adhesion to substrate was obtained.
The investigations by the transmittance electron microscopy (TEM) Tesla BS 500 with 7 Å -resolution were carried out. The surface morphology of specimens obtained by the both abovementioned methods is studied. The specimens were selected after various technological stages -after deposition of 1 and 5 SnO 2 layers on the substrates of alumina, silica and sapphire with following calcinations at different temperatures.
In Fig. 2 TEM images of SnO 2 particles of powder obtained by tin chloride (IV) hydrolysis in the ammonium aqueous solution are shown. It can be seen that the particles are join together in agglomerations, which isolated islands are formed at the deposition on the substrate. At the second case, this is not observed (see Fig. 3 , where it is seen particles with average size 6-8 nm). The solid-core pictures of the SnO 2 nano-sized particles, which were obtained due to an interaction between Na 2 SnO 3 and H 3 PO 4 , appear in Fig 3 and 4 , where the sol spin coated 1 time but on the alumina substrate -5 times (Fig. 5) . The investigated samples were selected according to the calcinations temperatures as well as by materials for substrates. The letters in the samples designations indicate on the substrates, but numbers -on the calcinations temperature. 
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Conclusion
We shown that thermal growth of the SnO 2 grain size strongly depends on manufacturing methods of both sol solution and films. The sizes of nanoparticles measured using TEM show that considered above second technique ensures more stability of grain sizes (in comparison with first technique). The SnO 2 grains prepared by second technique remained smaller than 6 nm even after the calcination at 750 o C.
